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level of theory

Theoretical methods

The most influential parameters in determining the PCE (#) of DSSC are short-circuit

current density (J.), open-circuit photo voltage (V,.), and fill factor (FF). Among them J. and
V., can be tuned by the appropriate substitution of n-building blocks. J is directly proportional
to the light harvesting efficiency (LHE) and electron injection efficiency (®;,..) of the dyes
that can be calculated from the DFT computed parameters such as oscillator strength (f) and
electron injection driving force (AG™e¢’) respectively. The short-circuit current density can be

described in the integral form as

1

A

Where, #,.,-€lectron regeneration efficiency and #,,;-electron collection efficiency. The light
harvesting efficiency of the dyes could be obtained at their maximum absorption according to
the formula:

LHE=1-10"/ 2)
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Where, f-oscillator strength of the maximum absorption obtained at longer wavelength that
depends on the overlap between initial and final state wave functions upon photoexcitation.
To evaluate the electron injection efficiency, it is appropriate to calculate the closely related
exciton binding energy (E,) and driving force for electron injection (AG™*). This value has
been extracted from the excited state oxidation state potential state of the dyes@TiO, These

both values can be calculated through the following expression:

AGinject — Edye * ECB (3)
EVe* = EV_ E,_, (4)
Where, Ecg- conduction band of the (Ti0,);¢semiconductor and the value of -3.97 eV has been

used in this study. E%¢- ground state oxidation potential; E,.- vertical excitation energy. The

relative binding strength of the dyes upon TiO, adsorption is defined as:

E e — E e @rio, ~ [E gy + ETiOZ] Q)
E dye @Ti0 ) . ) )
Where, 2— energy of the dye after adsorption on (Ti0,);6; Eay.- energy of the isolated
E

dye; Tioz-energy of the bare (T10,);¢ cluster. The rate of electron injection from dye to TiO,
semiconductor is measured based on the electronic coupling strength and energetic shift of
LUMO (ads). For the purpose, Newns-Anderson model has been adopted to describe the
change in molecular orbital levels of the dyes upon TiO, adsorption. The centre of LUMO(ads)

distribution obtained from the portions (p;) of the orbital located on the dyes is written as.

E ymolads) = Zpigi (6)
i
The LUMO broadening is obtained from the average deviation of the distribution of the

positioned LUMO(ads) that can be evaluated using the relation:
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hT = Zpi &~ E,ypolads) |
i

(7

Where, £i- orbital energies of the combined system in the selected energy range. Finally, for a

better convenience, the electronic coupling strength obtained from LUMO broadening in the

order of meV is converted into the direct estimation of electron-transfer time scale using the

formula;

(fs) = 658/T'(meV)

Energy (eV)

-2.55

.90

(8)

Band gap

BTD »>» Acc-2 > Acc-3

LUMO stabilization &
HOMO destabilization

BTD < Acc-2 < Acc-3

Fig.S1 Energy levels of the bare acceptor units obtained from the B3LYP/6-311g(d,p) level of

theory.
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Fig. S2 Energy levels of the dyes obtained from the CAM-B3LYPand PBEIPBE/6-311g(d,p)

level of theory.
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Fig. S3 FMOs of HOMO-3, HOMO-2, LUMO+1 and LUMO+2 of the dyes, which are majorly

involved in transitions and the red colour indicates the n-delocalization path.
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Fig. S4 Charge transfer direction of the linear and cross-conjugated dyes.
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Fig. S5 Reported electrochemical oxidation, reduction potentials and band gap obtained from cyclic
voltammetry technique and their HOMO and LUMO values. (Electrochemical band gap is indicated

red in colour; DFT computed HOMO and LUMO values are indicated in blue colour).

HOOC \&CN
+ Absorption is directly proportional to the degree of n-orbital
Y y.prop 8!
+ Veryweak (negligible) coupling of cross-conjugation in the overlap upon photoexcitation
ground state is sufficient enough to influence the energy +  Very weak resonance interactions in cross-conjugation leads to
levels negligible to moderate absorption based on the positional
substitution of heteroatoms.

Fig. S6 Schematic representation illustrating the extent of m-orbitals overlap needed to influence the

energy levels and photophysical properties.
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Fig. S7 Comparison of the TDDFT results for B2 and B2F obtained from the M062X/6-311g (d, p)/C-

PCM(THF) level of theory.
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Fig. S8 A series of the bridged dyes have been used to investigate the n-delocalization pathway.
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Fig. S10 Mulliken charge population analysis of the dyes in the ground (black) and excited state (red).
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Fig. S11 Evaluation of the donor strength by comparing the energy levels with the previously reported

donors.
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Fig. S12 Relative percentage Cxo transformation of X;-C,-C,-C, from ground to excited state.



Fig. S13 Geometrical coordinates of the dyes
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Fig. S14 Optimized geometries of B1, B2F dyes with significant geometrical parameters and TDDFT

simulated spectra of the isolated dyes vs. dyes@(TiO,);.
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Fig. S15 DOS and PDOS of B2F and B1 dyes@(TiO,)s.
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Fig.S16 Optimized geometries of the bridged dyes@TiO, with ‘A’ anchoring mode depicting selected

bond distance and dihedral angles.
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Fig. S17 Isodensity molecular orbital amplitudes of HOMO and LUMO of the bridged dyes@TiO,

with ‘A’ anchoring mode.

Fig. S18 HOMO-3, HOMO-2, HOMO-1 of the
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S19 Comparison of simulated absorption spectra of dyes and dyes@TiO, obtained from CAM-

B3LYP/6-311g(d, p)/C-PCM(THF) level of theory.

1o
1.0+ ol 1z 1
LT@Tio, sy hw 1 i Log
S Fiog i [Me = aTi =
Eos] £ Eol LBT@TiO, £ B2S@TIO, £
28 e - 1 B2A@TIO, Los§
g loz 2 3 g 50 @rio, 06§
E w E ro8® E @
Sos- & 5 g a v
Py 2 < g < 2
] Los 5 ‘& 04+ -] ]
S g3 2 Toaq Foal
204 T X Foag X K
2 4
k) Fosd @ c & 8
0.2 Ly Loz bzt o2
. L .
00 T > T ? 0 0.0k, - r v T T " 0 0.0 Myl —t T 7 ¥ 00
400 600 800 1000 1200 400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600 1800
Wavelength (nm) Wavelength (nm) Wavelength (nm)
F12 104
1.0 B3 BB3
} 0.8 BB2 08 BB3S@TIO, Loa
B BIS@TiO, 10 JN BB2S@TIO, ~us- BBIA@TIO, B
£ 02 BIA@TIO, R BB2A@TIO, £ E ®
- 08§ - £ T o,
H £ g g, "B
i " wn a n
Eue i % 5 =
= Fos2 s % £
= 5 ]
= = go. 048 % N Foal
0.4 R T = g
w Load g w &
o2 o2 a2 0z 0.2 Loz
A
o. T T f f T u T T T 0.0 F0.0 0.0 -00
400 €00 800 1000 1200 400 600 200 1000 1200 1400 1600 1800 2000 400 600 1200 1400
Wavelength (nm)

Wavelength (nm)

800 1000
Wavelength {nm)

Fig. S20 Comparison of simulated absorption spectra of dyes and dyes@TiO, obtained from

B3LYP/6-311g(d, p)/C-PCM(THF) level of theory.
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Fig. S21 Comparison of simulated absorption spectra of dyes@TiO, obtained from various functionals

such as B3LYP, CAM-B3LYP and M062X/3-21g(d))/CPCM(THF) level of theory.

S16



4 : T BBSAT 734,
*3. BB2A-T *ogs+ | BB3S-T uunin, Basds

Fig. S22 Adsorption angle and the molecular coverage distance of the dyes@TiO,,

Tables

Table S1: Computed SO- S1 excitation energies with electron volt in parenthesis, oscillator strength (f),

major transitions and transient dipole moment of the dyes obtained from B3LYP/6-311g(d, p)/C-

PCM(THF) level of theory.

BTD Amax nm) T Major transitions R (D)

LT 848 0.42 HOMO->LUMO (99%) 19.55
590 1.08 H-2->LUMO (96%)

LBT 1002 0.53 HOMO-LUMO (100%) 19.39
658 0.79 H-2->LUMO (84%),

HOMO->L+1 (14%)

B2 1086 0.28 HOMO-SLUMO (100%) 18.29
730 0.55 H-2->LUMO (93%), H-3->LUMO (4%)

B3 555 1.03 HOMO->L+1 (96%), H-2->L+1 (2%) 12.29
445 1.23 H-2->L+1 (89%), HOMO->L+1 (3%), HOMO->L+2 (3%)

BB2 1125 0.4 HOMO-SLUMO (100%) 12.37
737 0.66 H-2->LUMO (63%), HOMO->L+1 (31%), H-3->LUMO (3%)

BB3 799 0.46 HOMO->Le1 (98%) 17.35
587 0.61 H-2->L+1 (91%), H-3->L+1 (2%)
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Table S2: Computed SO- S1 excitation energies with electron volt in parenthesis, oscillator strength (f),

major transitions and transient dipole moment of the dyes obtained from CAM-B3LYP/6-311g(d, p)/C-

PCM(THF) level of theory.

Amax (NM) f Major Transitions p. (D)

LT 510 2.18 H-3->LUMO (13%), H-2->LUMO (46%), HOMO->LUMO (28%) 16.93
357 0.52 H-2->L+1 (22%) HOMO->LUMO (25%) HOMO->L+1 (32%) HOMO->L+2 (10%)

LBT 557 1.76 H-2->LUMO (43%) HOMO->LUMO (38%), H-3->LUMO (9%) 16.18
426 0.14 H-3->L+1 (13%), H-2->L+1 (38%), HOMO->L+1 (23%)

B2 591 0.76 H-4->LUMO (11%), H-3->LUMO (22%), H-2->LUMO (46%) 15.56

HOMO->LUMO (14%)

454 0.68 H-4->LUMO (20%), HOMO->LUMO (49%)

B3 575 0.05 H-4->LUMO (16%), H-3->LUMO (25%), H-2->LUMO (45%) 11.25
417 1.81 H-2->L+1 (34%), HOMO->LUMO (20%), HOMO->L+1 (27%)

BB2 601 1.02 H-3->LUMO (18%), H-2->LUMO (46%), HOMO->LUMO (21%) 9.355
491 0.54 H-4->LUMO (21%), H-3->LUMO (12%), H-2->L+1 (18%), HOMO->LUMO (23%), HOMO->L+1 (13%)

BB3 537 0.63 H-3->LUMO (19%), H-2->LUMO (42%), HOMO->LUMO (13%) 16.03
499 0.90

H-2->L+1 (44%), HOMO->L+1 (27%)

Table S3. Bond length difference, hybridization, delocalization and stabilization energy of the dyes in the

ground and excited state (in parenthesis) obtained from NBO analysis using B3LYP/6-311g(d, p) level of theory

SP Hybridizationa Delocalization E2 (kcal/mol) 2
o i o % oG
(A) A) - N

X C C G (keal/mol) BD&CR LP Total
LT 1.421 1.368 348 1.72 4363.2 17.98 2.95 20.93
(1.394) (1.399) (3:29) (1.59) (4375.1) (15.54) (3.03) (18.63)
LBT 1.422 1367 3.44 159 53598.6 18.04 3.02 21.06
(1.399) (1.387) (3:22) (1.52) (53580.7) (15.86) (3.12) (18.98)
B2 1.440 1.381 2.76 1.67 4854.8 14.07 43 1837
(1.441) (1.422) (2.79) (1.64) (4855.9) (13.41) (4.3) (17.71)
B3 1.476 1374 2.19 2.03 4829.5 13.88 i 13.88
(1.475) (1.428) @27 .01 (4827.4) (13.53) (13.53)
BE2 1.447 1.380 272 1.68 54243.0 14.17 4.5 18.67
(1.431) (1.414) 2.77) (1.61) (54258.0) (14.25) (4.44) (18.69)
BB3 1.474 1.365 221 2.04 54050.5 17.98 i 17.98
(1.472) (1.421) (2:20) (1.97) (54070.1) (17.53) (17.53)
B2F 1.431 1.384 2.99 159 48419 13.91 6.07 19.98
(1.431) (1.420) (2.99) (1.59) (4843.8) (13.17) (6.15) (19.32)
Bl 1.486 1.363 223 223 49114 1331 - 1331
(1.467) (1.420) 227 (2.10) (4926.9) (13.25) (13.25)

avalues obtained from B3LYP/6-311G(d, p) level of theory. "stabilization energy obtained from second order theory analysis.

Table S4: C,o of the valence orbitals of X;-C,-C,,-C, involved and their population in the ground state

and excited state (in parenthesis) respectively.
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7
1N__3m b, O
COOH | 1, X p
52 N = (%
LT

Linear Series

NC '\VFOOH

B2 Series
(X=5, 0}

Y
a.?;&f :

NC”4°"COOH
)

B3 Series
(X=C}

S Px Py Pz
S@ 0.75648 (0.75641) -0.00645 (-0.00794) 0.09345 (0.25209) 0.26363 (0.08696)
LT CQ) 0.44453 (0.44261) 0.19709 (0.21495) 0.23107 (0.48125) 0.44126 (0.25531)
cQd) 0.34684 (0.36914) 0.09755 (0.08618) 0.24230 (0.30690) 0.31138 (0.22801)
CcC@ 0.33169 (0.33220) 0.23809 (0.21675) 0.19396 (0.42546) 0.42743 (0.22495)
S 0.75256 (0.75145) 0.00256 (0.00637) 0.07421 (0.18753) 0.27070 (0.12804)
CQ) 0.44644 (0.44235) 0.19352 (0.18143) 0.23112 (0.36945) 0.43992 (0.32177)
LBt cQ 0.35033 (0.37285) 0.15141 (0.15297) 0.19035 (0.25389) 0.31199 (0.20619)
C@ 0.33230 (0.33342) 0.23446 (0.20200) 0.19739 (0.35291) 0.42709 (0.30709)
S 0.74187 (-0.01153) -0.01503 (-0.01153) 0.15418 (0.24005) 0.17593 (0.09313)
B2 C(2) 0.41911 (0.42526) 0.14871 (0.15459) 0.31051 (0.43645) 0.36347 (0.23685)
c@d 0.32562 (0.32101) 0.15042 (0.14891) 0.26582 (0.31276) 0.27446 (0.23924)
Cc@4 0.27315 (0.28030) 0.17130 (0.17211) 0.32054 (0.41046) 0.36214 (0.25244)
S(5) 0.74825 (0.74766) 0.00856 (0.00840) 0.10197 (0.12681) 0.24581 (0.22110)
c@ 0.34869 (0.34488) 0.17880 (0.18580) 0.15322 (0.15763) 0.32045 (0.32045)
B3 C(2) 0.33392 (0.34195) 0.19179 (0.19487) 0.19048 (0.21636) 0.36714 (0.32899)
cQ 0.31093 (0.30069) 0.21953 (0.21136) 0.19118 (0.20355) 0.29853 (0.25821)
CcC@ 0.26161 (0.27943) 0.15134 (0.15943) 0.28518 (0.30490) 0.40727 (0.35385)
S 0.73405 (0.73397) -0.00173 (-0.0080) 0.07107 (0.17589) 0.26205 (0.13711)
BB2 CQ) 0.41719 (0.41925) 0.11505 (0.12079) 0.24355 (0.36452) 0.44965 (0.32883)
cQ 0.33545 (0.33348) 0.21506 (0.21423) 0.17745 (0.25141) 0.30485 (0.22463)
Cc@“4 0.32793 (0.32553) 0.11498 (0.10584) 0.24749 (0.35060) 0.42109 (0.31829)
S5 0.74143 (0.74473) 0.01665 (0.01975) 0.15443 (0.25833) 0.18645 (0.07825)
c@ 0.34602 (0.34675) 0.10458 (0.10706) 0.22744 (0.23625) 0.26848 (0.15222)
BB3 CQ 0.33691 (0.34131) 0.20651 (0.19895) 0.26142(0.29661) 0.28112 (0.17318)
cQ 0.30260 (0.30026) 0.15765 (0.19283) 0.24071 (0.25234) 0.28452 (0.17605)
Cc@“ 0.28453 (0.30489) 0.17056 (0.17471) 0.29225 (0.38994) 0.33380 (0.21631)
B2F o) 0.82359 (0.82738) 0.36415 (0.36533) 0.50011 (0.57881) 0.55080 (0.47861)
CQ) 0.39801 (0.39914) -0.00394 (-0.00404) 0.15158 (0.35682) 0.29714(0.08878)
c@d 0.29148 (0.28987) 0.20994 (0.21151) 0.19804 (0.31019) 0.26811 (0.15244)
Cc@4 0.24673 (0.25259) 0.14610 (0.13390) 0.31626 (0.42367) 0.39332 (0.27649)
B1 cQ 0.33962 (0.36547) 0.14098 (0.12666) 0.25328 (0.25744) 0.28627 (0.27667)
CQ) 0.32964 (0.32922) 0.16036 (0.15846) 0.25608 (0.24682) 0.33753(0.33709)
cQ 0.31407 (0.31193) 0.21293 (0.21412) 0.21175 (0.20931) 0.25963 (0.27168)
Cc@4 0.28747 (0.30904) 0.17460 (0.21532) 0.25765 (0.24756) 0.36175 (0.32047)

Table S5: Hybridization state of the atoms involving in resonance interactions from the contribution

of the corresponding bonds (X;-C,-C,,-C,).
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~
y2c
@

@ @ |l

NC 41v§;oo|.| NC 4iv():OOH
Linear Series B2 Series B3 Series
(X=S,0) (X=Q)

Bond Atom Ground state Hybrid Excited state
LT Sp- Co Sp s(19.11%), p (80.34%) sp*2° s (18.48%), p (81.38%) sp*38
Cy s (22.29%), p (77.52%) sp348 s (23.26%), p (46.56%) sp*?
Co-Cp Cy s (36.81%), p (63.15%) sp!7? s (37.60%), p (62.36%) sp %°
Cy s (38.61%), p (61.35%) sp ! 5 (39.62%), p (60.34%) sp %2
GCy-Cy Gy s (37.63%), p (62.34%) sp 1-¢¢ s (36.60%), p (63.36%) sp!73
C, s (38.33%), p (61.64%) sp o! s (37.15%), p (62.82%) sp 1
LBT | Sp-Cq Sp s (19.32%), p (80.13%) sp*!s s (18.82%), p (80.65%) sp%
Cy s (22.45%), p (77.35%) sp3# 5 (23.67%), p (76.15%) sp 32
Cy-Cy Cy s (38.61%), p (61.35%) sp ! s (39.62%), p (60.34%) sp 2
Gy s (38.37%), p (61.59%) sp 1o! s (39.12%), p (60.84%) sp's¢
Gy-C, Gy s (37.62%), p (62.34%) sp 1¢¢ 5 (36.97%), p (62.99%) sp 170
C, s (38.41%), p (61.56%) sp 160 s (37.67%), p (62.30%) sp 163
B2 Sp- Co Sp s (19.57%), p (79.87%) sp+08 s (21.32%), p (78.64%) sp 367
Cy 5 (26.56%), p (73.28%) sp27° s (26.34%), p (73.50%) sp 7
Cy-Cy Cy s(37.48%), p (62.48%) sp'¢7 s (37.93%), p (62.03%) sp'
Gy s (30.63%), p (69.32%) sp2% s (30.78%), p (69.18%) sp*®
Cy-C, Gy s (37.27%), p (62.69%) sp 168 s (36.11%), p (63.86%) sp 77
C, s (39.43%), p (60.52%) sp ! s (37.92%), p (62.06%) sp o4
B3 Cp-C, Cp s (35.89%), p (64.07%) sp'7”® 8(35.23%), p (64.73%) sp! 84
Cy s (31.30%), p (68.66%) sp>? s (30.53%), p (69.43%) sp>%7
Cy-Cyp C, 5(33.03%), p (66.93%) sp>® s (34.16%), p (65.80%) sp>¥!
Gy s (30.28%), p (69.67%) sp 23 s (30.82%), p (69.13%) sp>2¢
Gy-Cy Gy s (37.35%), p (62.61%) sp 108 s (35.73%), p (64.24%) sp 80
C, s (40.10%), p (59.87%) sp !4 s (37.75%), p (62.22%) sp 163
BB2 | Sp-C, Sp s (21.68%), p (78.28%) sp ! s (21.55%), p (78.05%) sp 363
Cy s (26.87%), p (72.98%) sp7? s (26.48%), p (73.36%) sp 77
Co-Cy Cy s(37.26%), p (62.71%) sp' o8 s (38.26%), p (61.70%) sple!
Gy 5 (30.60%), p (69.35%) sp>¥ s (31.49%), p (68.47%) sp*!7
Cy-C, Gy s (37.35%), p (62.62%) sp o8 5 (36.35%), p (63.61%) sp 7
C, s (39.04%), p (60.93%) sp % s (37.83%), p (62.15%) sp o4
BB3 | Cp-C, Cp s(35.82%), p (64.13%) sp'7”® s (35.44%), p (64.52%) sp!$2
Cy s (31.11%), p (68.85%) sp 22! s (33.56%), p (66.40%) sp>2°
Co-Cp Cy 5(32.93%), p (67.03%) sp>* s (34.04%), p (65.92%) sp>¥!
Cy s (31.39%), p (68.57%) sp2!8 s (31.70%), p (68.25%) Sp> 13
Cy-C, Gy s (37.40%), p (62.57%) sp -¢7 s (35.81%), p (64.16%) sp 7
C, s (40.24%), p (59.73%) sp 48 s (37.45%), p (62.52%) sp 1¢7
B2F | O4-C, Og s (32.5%), p (67.32%) sp 27 s (32.66%), p (67.27%) sp 2%
Cy 5 (25.03%), p (74.33%) sp > 5 (25.02%), p (74.75%) sp 2%
Co-Cy Cy s(38.55%), p (61.42%) sp'? s (38.63%), p (61.34%) sp'?
Cy 5 (29.83%), p (70.11%) sp 2% 5 (29.64%), p (70.30%) sp*¥7
Cy-C, Gy s (38.09%), p (61.87%) sp 2 5 (36.95%), p (63.03%) sp 7!
C, 5 (39.07%), p (60.90%) sp 1% s (37.64%), p (62.33%) sp 160
Bl Cp-C, Cp s (35.93%), p (64.03%) sp2!8 s (35.27%), p (64.68%) sp ¥
Cy s (36.89%), p (63.08%) sp2% s (36.11%), p (63.86%) sp>%7
Co-Cp Cy 5(30.90%), p (69.06%) sp*3 s (32.23%), p (67.73%) sp>!°
Gy s (31.42%), p (68.54%) sp2!8 s (32.01%), p (67.95%) sp>12
Cy-C, Gy s (37.28%), p (62.69%) sp 108 s (35.71%), p (64.26%) sp 80
C, s (40.90%), p (59.47%) sp 47 s (37.67%), p (62.30%) sp 16

(Xp: Heteroatoms at 3- substitution; C,: carbon; C,: bridging carbon; C,: vinylenic carbon).

Table S6. Energy Levels, computed excitation energies, oscillator strength, major electronic transitions, ground

and transient dipole moment of the dyes@TiO,
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. . HL
H(()el\‘//l)() Ll(Jel\\’f)O Gap* %";‘:;; f Major compositions He He
(eV) (Debye) (Debye)
LT-T 471 392 | 079 (5222'69) 2.40 HoL 64%), H2>L (0%), H2-5L41 (1%) 18.9 21.0
LBT-T | -474 -394 | 080 (5271'51) 1.84 HoL (69%), H2L (%), H3->L (4%) 20.9 238
603.1
B2S-T -4.64 -3.99 0.65 (2.06) 0.96 H->L (59%), H-3->L (16%), H-2->L (21%), H-4->L (3%) 16 18.2
578.9
B2A-T -4.62 -3.95 0.67 (2.14) 0.82 H->L (61%), H-3->L (17%), H-2->L (19%), H-4->L (3%) 12.6 14.8
493.1 H-3->L+2 (11%), H-2->L+2 (29%), H-2->L+3 (17%), H-4->L+2
B3S-T -4.63 -3.92 0.71 p 0.17 (5%), H-4->L+3 (3%), H-3->L+1 (2%), H-3->L+3 (7%), H-2->L+1 15.0 16.4
(2.51) (5%), H->L+2 (8%), H->L+3 (4%)
488.0 Ho>L (10%), H-3->L+1 (13%), H-2->L (11%), H-2->L+1 (25%), H-
B3A-T -4.73 -3.79 0.94 ) 0.09 4->L+1 (5%), H-3->L (2%), H-2->L+4 (2%), H-2->L+9 (2%), H- 19.7 23.2
(2.54) >L+1 (8%), H->L+9 (2%)
BB2S-T | -4.72 381 | 091 (621 3'13) 1.36 HoL (G7%), 2L (22%), H3>L (9%) 18.6 19.9
605.5
BB2A-T -4.64 -3.96 0.68 (2.07) 1.02 H->L (62%), H-3->L (13%), H-2->L (15%) 10.7 12.5
BB3S-T | -4.67 371 | 096 (524_2'5;3) 0.32 HoL (4%, 2L (169 e 770 2L (O 12 196 212
BB3AT | -461 373 | 088 (523207) 0.26 o, O oy o L @), 2 16.4 18.9
B2F-T | -464 398 | 066 (620_8;12) 0.0 | HOMOSLUMO (S3%), 3 LUMO (15%) F-2>LUMO (16%) 16.3 19.1
457.8 H-3->L+2 (10%), H-2->L+2 (27%), HOMO->L+2 (16%),H-4->L+1
B1-T -4.54 413 0.41 y 0.40 (2%), H-4->L+2 (6%), H-3->L+1 (4%), H-2->L+1 (9%), H-2->L+4 11.9 13.7
(2.71) (3%), HOMO->L+1 (6%)

avalues obtained from B3LYP/6-311g(d,p). Pvalues obtained from M06-2X/6-311g(d,p)/C-PCM(THF) and electron volt values are given in

parenthesis. °ground state (l1,) and excited state (1,) dipole moments computed from B3LYP/6-311g(d, p) level of theory.

Table S7: Computed SO- S1 excitation energies with electron volt in parenthesis, oscillator strength (f),
major transitions and transient dipole moment of the dyes@TiO, obtained from B3LYP/6-311g(d, p)/C-

PCM(THF) level of theory.

BTD Amax (nm) f Major transitions pe (D)
3 (1. . HOMO->L+2 (16%), HOMO->L+3 (81%)

LT-T 822.3(1.51) 0.43 + L+ 210
808.3 (1.53) 0.03 HOMO->L+2 (84%), HOMO->L+3 (16%)
966.6 (1.28) 0.58 HOMO->LUMO (99%)

LBT-T 23.8
659.9 (1.88) 0.29 H-2->LUMO (22%), HOMO->L+11 (60%), HOMO->L+13 (11%)
986.1 (1.26) 0.29 HOMO->LUMO (99%)

B2S-T 18.2
699.1 (1.77) 0.66 H-2->LUMO (90%), H-3->LUMO (5%)
996.8 (1.24) 0.27 HOMO->LUMO (99%)

B2A-T 14.8
707.2 (1.75) 0.48 H-2->LUMO (90%), H-3->LUMO (5%)
814.1(1.52) 0.01 HOMO->L+3 (67%), HOMO->L+4 (13%), HOMO->L+5 (13%)

B3sS-T 16.4
803.2 (1.54) 0.01 HOMO->L+3 (31%), HOMO->L+4 (37%), HOMO->L+5 (23%)
980.3 (1.27) 0.02 HOMO->LUMO (97%)

B3A-T 23.2
704.7 (1.76) 0.06 H-2->LUMO (13%), H-1->LUMO (34%), HOMO->L+10 (43%)
1009.8 (1.28) 0.47 HOMO->LUMO (99%)

BB2S-T 19.9
707.2 (1.75) 0.27 H-2->LUMO (10%), HOMO->L+11 (77%)
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1074.7 (1.15) 0.39 HOMO->LUMO (99%)

BB2A-T 12.5
730.0 (1.70) 0.46 H-2->LUMO (52%), HOMO->L+9 (16%), HOMO->L+11 (21%)
815.1(1.52) 0.27 HOMO->L+4 (61%), HOMO->L+6 (26%)

BB3S-T 21.2
790.6 (1.57) 0.18 HOMO->L+4 (34%), HOMO->L+6 (54%)
783.9 (1.58) 0.30 HOMO->L+6 (36%), HOMO->L+8 (41%)

BB3A-T 18.9
756.9 (1.64) 0.03 HOMO->L+6 (52%), HOMO->L+7 (24%), HOMO->L+8 (21%)

Table S8: Computed SO- S1 excitation energies with electron volt in parenthesis, oscillator strength (f),

major transitions and transient dipole moment of the dyes@TiO, obtained from CAM-B3LYP/6-311g

(d, p)/C-PCM(THF) level of theory.

CTD Amax (nmM) f Major transitions . (D)
LT-T 514.9 (2.41) 2.56 HOMO->LUMO (68%), H-3->LUMO (13%), H-2->LUMO (9%), H-2->L+1 (5%), HOMO->L+1 (5%) 18.7
355.2(3.49) 0.39 HOMO->LUMO (20%), H-2->L+25 (12%), HOMO->L+1 (19%), HOMO->L+25 (15%)
568.1(2.18) 1.94 HOMO->LUMO (78%), H-2->LUMO (13%), H-3->LUMO (7%), HOMO->L+1 (2%)
LBT-T 21.0
330.8 (2.95) 1.18 HOMO->L+44 (77%) H-1->L+51 (6%)
594.0 (2.09) 0.96 HOMO->LUMO (52%), H-3->LUMO (29%), H-2->LUMO (11%),
B2S-T 16.2
432.0(2.87) 0.97 HOMO->LUMO (38%), H-4->LUMO (18%), HOMO->L+22 (10%)
572.2(2.17) 0.80 HOMO->LUMO (54%), H-3->LUMO (21%), H-2->LUMO (25%),
B2A-T 12.9
438.1(2.83) 0.91 HOMO->LUMO (38%), H-4->LUMO (19%), H->L+3 (33%)
H-3->L+3 (15%), H-2->L+2 (13%), H-2->L+3 (34%), H-4->L+3 (8%), H-3->L+2 (6%), HOMO->L+3
B3S.T 490.4 (2.53) 0.20 (6%) l64
i 414.8 (2.99 2.30 H-2->L+19 (31%), HOMO->L+19 (24%), H-2->L+17 (4%), H-2->L+18 (4%), H-2->L+20 (4%), ’
8(2.99) . HOMO->L+20 (4%), HOMO->L+39 (5%)
HOMO->LUMO (5%), H-3->L+2 (17%), H-2->L+2 (29%), H-4->L+2 (7%), H-2->LUMO (9%),
B3AT 485.6 (2.55) 0.13 HOMO->L+2 (7%) 791
: 458.0 (2.71 0.67 HOMO->LUMO (10%), H-4->L+2 (5%), H-3->L+2 (7%), H-2->LUMO (7%), H-2->L+2 (7%), H-2- '
0(2.71) . >L+4 (5%), H-2->L+5 (6%), H-2->L+9 (5%), H-2->L+15 (4%), HOMO->L+5 (5%)
606.9 (2.04) 1.39 HOMO->LUMO (66%), H-3->LUMO (13%), H-2->LUMO (18%),
BB2S-T 17.4
466.1(2.66) 0.35 HOMO->LUMO (14%), H-4->LUMO (19%), H-3->LUMO (16%), H-2->L+7 (11%)
598.1(2.07) 1.01 HOMO->LUMO (62%), H-3->LUMO (16%), H-2->LUMO (19%)
BB2A-T 10.3
484.9 (2.56) 0.55 HOMO->LUMO (18%), H-4->LUMO (20%), H-3->LUMO (13%), H-2->L+7 (10%)
536.2(2.31) 0.41 HOMO->LUMO (69%), H-3->LUMO (15%), H-2->LUMO (3%), H-2->L+1 (12%)
BB3S-T 504.1 (2.46 1.02 H-2->L+3 (20%), HOMO->L+3 (11%), H-4->LUMO (5%), H-3->LUMO (6%), H-2->LUMO (5%), H- 20.0
: ( . ) . 2->L+1 (7%), H-2->L+4 (9%), H-2->L+5 (5%), HOMO->L+1 (6%)
533.0 (2,33) 0.29 HOMO->LUMO (68%), H-3->LUMO (16%), H-2->LUMO (8%), H-4->LUMO (8%)
BB3A-T 17.9
497.5(2.49) 1.19 H-2->L+4 (35%), HOMO->L+4 (19%), H-4->LUMO (4%), H-3->L+4 (3%), H-2->L+5 (9%)
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Table S9: Computed SO- S1 excitation energies with electron volt in parenthesis, oscillator strength (f),

major transitions and transient dipole moment of the dyes@TiO, obtained from B3LYP/3-21g(d)/C-

PCM(THF) level of theory.
BTD Amax (NM) f Major transitions e (D)
A4 (1. . HOMO->LUMO (99%

LT 782.4 (1.58) 0.44 > ( 04
563.3 (2.17) 1.27 H-2->LUMO (95%)
929.6 (1.33) 0.52 HOMO->LUMO (99%)

LBT 22.9
626.2 (1.98) 0.94 H-2->LUMO (90%), HOMO->L+5 (5%)
961.3 (1.29) 0.24 HOMO->LUMO (99%)

B2S-T 18.2
664.2 (1.87) 0.69 H-2->LUMO (92%), H-3->LUMO (5%)
963.6 (1.29) 0.23 HOMO->LUMO (9%

B2A-T 13.9
672.2 (1.84) 0.54 H-2->LUMO (93%), H-3->LUMO (5%)
817.9 (1.52) 0.03 HOMO->LUMO (98%)

B3S-T 16.8
629.4 (1.97) 0.05 H-3->LUMO (11%), H-2->LUMO (84%), HOMO->LUMO (2%)
797.4 (1.55) 0.06 HOMO->LUMO (98%)

B3A-T 22.7
639.4 (1.94) 0.15 HOMO->L+4 (93%), HOMO->L+5 (3%)
1013. (1.22) 0.39 HOMO->LUMO (99%)

BB2S-T 19.9
687.7 (1.80) 0.40 H-2->LUMO (16%), HOMO->L+1 (13%), HOMO->L+2 (66%)
1042.4 (1.19) 0.36 HOMO->LUMO (99%)

BB2A-T 12.0
699.0 (1.77) 0.66 H-2->LUMO (72%), HOMO->L+1 (12%), HOMO->L+2 (9%)
992.4 (1.25) 0.03 HOMO->LUMO (99%)

BB3S-T 21.0
783.3 (1.58) 0.43 HOMO->L+1 (99%)
1010.7 (1.23) 0.02 HOMO->LUMO (99%)

BB3A-T 19.0
775.0 (1.59) 0.41 HOMO->L+1 (98%)

Table S10: Computed SO- S1 excitation energies with electron volt in parenthesis, oscillator strength

(f), major transitions and transient dipole moment of the dyes@TiO, obtained from CAM-B3LYP/3-

21g(d)/C-PCM(THF) level of theory.

CTD Amax (NM) f Major transitions . (D)
2.8 (2. 2. H-3->LUMO (8%), H-2->LUMO (15%), HOMO->LUMO (76%)

T 462.8 (2.68) 60 > > > 183
339.8 (3.65) 0.47 H-2->L+16 (11%), HOMO->LUMO (26%), HOMO->L+16 (15%)
521.0(2.38) 1.99 H-3->LUMO (2%), H-2->LUMO (18%), HOMO->LUMO (78%)

LBT 20.4
334.3(3.71) 0.75 H-3->LUMO (12%), H-2->L+26 (13%), HOMO->L+26 (30%),

B2S-T 523.7 (2.37) 1.01 H-3->LUMO (13%), H-2->LUMO (15%), HOMO->LUMO (62%), H-4->LUMO (9%) 16.1
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378.0(3.28) 1.10 H-5->LUMO (10%), H-4->LUMO (10%), H-2->LUMO (11%), HOMO->LUMO (34%)
534.6 (2.32) 0.83 H-3->LUMO (14%), H-2->LUMO (16%), HOMO->LUMO (63%), H-4->LUMO (7%)

B2A-T 12.1
420.9 (2_95) 0.66 H-4->LUMO (17%), HOMO->LUMO (49%), H-5->LUMO (6%), H-3->LUMO (9%)
469.7 (2.64) 0.25 H-4->LUMO (12%), H-3->LUMO (27%), H-2->LUMO (46%), HOMO->LUMO (9%)

B3S-T 393.9 (3.15 2.25 H-2->L+11 (30%), HOMO->L+11 (25%) H-4->LUMO (3%), H-3->L+32 (2%), H-2->L+12 (9%), 159

9(3.15) : HOMO->LUMO (3%), HOMO->L+12 (8%), HOMO->L+32 (6%)

458.9 (2.70) 0.71 H-3->LUMO (27%), H-2->LUMO (38%), HOMO->LUMO (11%), H-4->LUMO (9%)

B3A-T H-2->L+1 (18%), HOMO->L+1 (14%), H-4->LUMO (7%), H-3->LUMO (7%), H-3->L+1 (3%), H-2- 21.6
4229 (2,93) 1.14 >L+2 (5%), H-2->L+3 (9%), H-2->L+6 (2%), H-2->L+7 (3%), HOMO->L+2 (4%), HOMO->L+3 (7%),

HOMO->L+7 (2%)

539.2 (2.29) 1.42 H-3->LUMO (9%), H-2->LUMO (34%), HOMO->LUMO (57%)

BB2S-T 17.4

H-4->LUMO (20%), H-3->LUMO (17%), H-2->L+1 (13%), HOMO->LUMO (22%), HOMO->L+1

445.9 (2.78) 0.30 (11%)
562.4 (2.20) 1.01 H-3->LUMO (16%), H-2->LUMO (31), HOMO->LUMO (52%)

BB2A-T 10.0
484.9 (2.69) 0.55 H-4->LUMO (20%), H-3->LUMO (13%), H-2->L+7 (10%), HOMO->LUMO (18%)
513.2(2.42) 0.56 H-3->LUMO (22%), H-2->LUMO (42%), HOMO->LUMO (32%), H-4->LUMO (6%)

BB3S-T 19.8
475.5 (2.60) 1.14 H-2->L+1 (45%), HOMO->L+1 (27%), H-4->LUMO (6%), H-3->L+1 (7%)
510.9 (2.43) 0.42 H-4->LUMO (5%), H-3->LUMO (12%), H-2->LUMO (43%), HOMO->LUMO (40%)

BB3A-T 18.0
470.8 (2.63) 1.21 H-2->L+1 (47%), HOMO->L+1 (28%), H-4->LUMO (5%), H-3->L+1 (6%)

Table S11: Computed SO- S1 excitation energies with electron volt in parenthesis, oscillator strength

(f), major transitions and transient dipole moment of the dyes@TiO, obtained from M062X/3-21g(d)/C-

PCM(THF) level of theory.
MTD Amax (nmM) f Major transitions K. (D)
?26251) 2.38 H-3->LUMO (10%), H-2->LUMO (12%), HOMO->LUMO (77%)
LT - 18.5
315.6
1.25 HOMO->L+32 (80%), H-1->L+34 (4%), H-1->L+50 (3%)
(3.21)
528.4
1.82 H-2->LUMO (13%), HOMO->LUMO (81%), H-3->LUMO (6%)
LBT (2.35) 20.6
?22329) 0.33 H-3->LUMO (20%), H-2->LUMO (34%), HOMO->LUMO (42%)
530.7
0.99 H-3->LUMO (8%), H-2->LUMO (29%), HOMO->LUMO (60%), H-4->LUMO (3%)
B2S-T (2.33) 16.3
387.3 1.46 H-5->LUMO (10%), H-4->LUMO (20%), H-2->LUMO (14%), H-2->L+6 (12%), HOMO->LUMO '
(2.82) : (10%), H-6->LUMO (2%), H-2->L+5 (6%), HOMO->L+5 (5%), HOMO->L+6 (9%)
2425 0.84 H-3->LUMO (16%), H-2->LUMO (28%), HOMO->LUMO (55%)
B2A-T (2.29) 12.2
390.8 1.28 H-5->LUMO (13%), H-4->LUMO (20%), H-2->LUMO (16%), H-2->L+6 (12%), HOMO->LUMO '
(2.79) ' (12%)
471.4(2.63) 0.22 H-3->LUMO (23%), H-2->LUMO (49%), HOMO->LUMO (14%), H-4->LUMO (9%)
B3S-T 396.3 16.2
(3.13) 1.69 H-2->L+3 (26%), HOMO->LUMO (20%), HOMO->L+3 (31%)
488.0 . 5 .
(2 54) 0.63 H-3->LUMO (23%), H-2->LUMO (40%), HOMO->LUMO (17%)
B3A-T - 22.1
?22262) 1.20 H-2->L+1 (32%), HOMO->L+1 (36%), H-4->LUMO (6%), H-3->LUMO (7%)

S24



546.5
(2.27)

1.35

H-3->LUMO (10%), H-2->LUMO (29%), HOMO->LUMO (61%)

BB2S-T 17.8
327.1(2.71) 1.02 H-2->L+19 (14%), HOMO->L+19 (55%)
570.5(2.17) 1.06 H-3->LUMO (13%), H-2->LUMO (23%), HOMO->LUMO (64%)

BB2A-T 10.1
474.2(2.61) 0.20 H-4->LUMO (13%), H-3->LUMO (19%), HOMO->LUMO (41%), H-2->LUMO (9%)
516.9(2.39) 0.45 H-3->LUMO (19%), H-2->LUMO (13%), HOMO->LUMO (58%), H-4->LUMO (8%)

BB3S-T 19.9
479.3(2.59) 1.18 H-2->L+1 (40%), HOMO->L+1 (38%), H-4->LUMO (5%), H-3->LUMO (5%)
515.2(2.41) 0.32 H-3->LUMO (19%), H-2->LUMO (15%), HOMO->LUMO (57%), H-4->LUMO (9%)

) 1.26 H-2->L+1 (42%), HOMO->L+1 (39%), H-4->LUMO (4%), H-3->L+1 (4%)
(2.62)
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